Background: Prevention of mother-to-child transmission of HIV (PMTCT) programs collect socio-demographic and HIV testing information similar to that collected by unlinked anonymous testing sero-surveillance (UAT) in antenatal settings. Zimbabwe evaluated the utility of PMTCT data in replacing UAT.
Background
Over the past two decades, unlinked and anonymous HIV testing (UAT) for surveillance among pregnant women who routinely attend antenatal clinical (ANC) sentinel sites has provided valuable information about the burden of HIV and trends in HIV prevalence. Antenatal clinics provide an accessible cross-section of healthy, sexually active women in the general population, and HIV data from ANC surveillance are considered generally representative of the source community [1] . Epidemiologic information provided by ANC surveillance addresses key aspects of the "Know Your Epidemic" updated approach of second generation surveillance of HIV, understanding changes in the direction of the epidemic, understanding sub-national variations in an epidemic and identifying localized geographic areas with higher burdens of HIV [2] . This information is crucial for planning HIV control interventions and allocating required resources. ANC surveillance data also serve as one of the data sources used to construct mathematical models of HIV prevalence and incidence trends using Estimation and Projection Package (EPP)/ Spectrum analysis tools developed by the Joint United Nations Programme on HIV/AIDS (UNAIDS) [3] .
Globally, the scale-up of HIV care and treatment programs such as Prevention of Mother to Child Transmission (PMTCT) has highlighted the need to provide HIV test results in all settings, including surveillance, in order to increase access to care. Using the UAT methods, tests are conducted on left-over blood from routine testing at ANC (usually syphilis testing) where all personal identifiers are removed and therefore results are not returned to individuals. This approach has the potential to eliminate selection bias due to non-consent because, when testing is based on informed consent, individuals refusing testing may be at lower or higher risk of HIV infection than consenters [4] [5] [6] . There are, however, ethical concerns around using the UAT methods in conducting ANC HIV sentinel sero-surveillance (ANC HSS). This method does not obtain informed consent from pregnant women and therefore cannot return HIV testing results, or link HIV positive cases to HIV care, treatment, and prevention interventions, [7, 8] . In recent years there has been a growing global consensus around the imperative to routinely provide HIV test results to participants in HIV surveillance [9] [10] [11] . This has necessitated a change in surveillance data collection methods so that pregnant women can provide informed consent for accepting or declining an HIV test, receive the results in post-test counselling and accept referral into HIV care and treatment services during routine antenatal visits [2] PMTCT programs collect socio-demographic and HIV testing information similar to that collected by ANC HSS hence, many countries are considering the use of PMTCT program data to complement or replace UAT surveillance. High-quality PMTCT program data could provide an efficient and cost-effective alternative to UAT surveillance and enhance data use among health care workers.
The World Health Organisation (WHO) has provided guidelines to assess PMTCT programs data and quality in preparation of using PMTCT program data in replacing UAT surveillance [2] . Core elements to be assessed include: selection bias inherent in PMTCT-based HIV estimates, the coverage of PMTCT HIV testing services at sentinel sites, availability and completeness of a minimum set of surveillance variables in routine program records, accuracy of routine PMTCT HIV testing, and HIV testing quality assurance practices at ANC sites.
Since 2002, Zimbabwe has used biannual UAT at 19 sentinel sites to track trends in HIV prevalence [12] . All women accessing antenatal services in Zimbabwe are also offered PMTCT intervention using the opt-out of HIV testing strategy. As a result of the programmatic shift and scale up, Zimbabwe has considered transitioning to using PMTCT data to monitor trends in the HIV epidemic. The 2009 national ANC report highlighted shortfalls in data quality in the PMTCT registers. The report recommended revisions to the registers as well as focused health workers training on how to capture key indicators before transitioning to PMTCT program data for surveillance.
Following key interventions such as revisions to registers and training in record keeping training in rapid HIV testing and the scale up of the PMTCT program, we conducted a comprehensive assessment of the utility of PMTCT program data for ANC based surveillance in 2012. The overall objective was to assess the Zimbabwe Ministry of Health and Child Care (MOHCC) PMTCT programme's readiness to use routine data for ANC based surveillance. We compared UAT surveillance HIV test results and prevalence estimates to those obtained from PMTCT programme in the same time period, assessed the completeness and quality of routine PMTCT programme data, as well as health facility testing and data recording practices.
Methods
The assessment of the utility of using PMTCT program data for surveillance among pregnant women was implemented in three parts: (1) a comparison of HIV test results and prevalence estimates from UAT surveillance and routine PMTCT HIV testing during the same time period; (2) a retrospective data quality assessment of routine ANC records during the UAT surveillance period; (3) a health facility assessment to capture information on PMTCT HIV testing and data recording practices.
Study sites and sample size
The sampling unit for this assessment was a sentinel site providing PMTCT HIV testing services. Of the initial target of 54 sentinel sites, 53 sites were included in the 2012 UAT surveillance and the PMTCT utility assessment. UAT forms from one site Karoi did not have the PMTCT results or samples for UAT testing and therefore a decision was made to exclude the site from analysis. Sites were chosen to represent all 8 provincial regions and 2 major cities in Zimbabwe.
The UAT surveillance sample size requirement was 340 each for all sentinel sites with the exception of large city health facilities, Kuwadzana, Nkulumane and St. Mary's where the sample size requirement was 600. Detailed methods for sample size calculation for UAT are presented in the full MOHCC report [13] .The PMTCT data quality assessment retrospectively collected data from all eligible women in the ANC register during the same period in which the UAT was conducted at all participating sites.
Data collection tools and methods

UAT prospective surveillance
Between June and September 2012 the UAT survey prospectively enrolled women attending an ANC for the first time during the current pregnancy until the required samples size for the site was achieved. The attending nurse or midwife completed the UAT surveillance data collection form for each eligible woman by abstracting information from the mother's booking card and ANC registers.
Firstly, all pregnant women were offered the routine antenatal clinic tests which included syphilis testing and blood grouping. Each woman who consented to routine ANC tests had 5 ml of blood drawn for routine ANC tests. The remnant blood sample was transferred into a separate anticoagulant tube for UAT surveillance. This blood was used to prepare Dried Blood Spots (DBS) on Whatman's filter paper. Bar code labelled stickers were placed on the tube, DBS card and UAT surveillance form. UAT specimens were recorded on a tally sheet and transported to the National Microbiology Reference Laboratory (NMRL) via courier service for Syphilis confirmatory testing TPHA, and HIV testing using Enzyme Immuno-Assay (EIA) test kits. The initial test for HIV detection was conducted using AniLabsytems (AniLabsystems Ltd, Finland). All non-reactive result were reported negative as final result, while a reactive result was confirmed using Enzygnost Anti HIV 1/2 plus ELISA (Siemens Healthcare products, Munich Germany). Non-reactive samples by Enzygnost Anti HIV1/2 plus ELISA were further confirmed by Western Blot, New Lav Blot 1 (Biorad, France). Indeterminate Western blot results were further tested by HIV DNA, PCR (ROCHE Diagnostics, France). The laboratory provided dataset with a final HIV result that was used in analysis. Results of NMRL testing were double entered into a database and sent, with UAT surveillance data collection forms, to the AIDS and TB Unit.
All pregnant women attending antenatal care were also offered HIV testing and counselling in ANC services and those who accepted received their results on the same visit day during post-test counseling. The HIV screening test was done using a Determine test kit. If the result was nonreactive, the woman was considered HIV-negative; a reactive test was confirmed using SD-Bioline and discrepant results were tested using INSTI™ HIV-1 Antibody test as a tiebreaker. All HIV results were recorded on the woman's ANC booking card and in the ANC register. For this assessment, results of the rapid HIV test were entered from the register onto the UAT surveillance form that accompanied the UAT surveillance DBS, which was sent to the NMRL for UAT testing.
PMTCT retrospective data quality assessment Health Information officers were assigned to retrospectively abstract PMTCT program data from the ANC register at the sentinel sites for the period June to September 2012, the same period in which the UAT surveillance was conducted at the 53 sites. During the UAT survey period, the site nurse affixed an extra bar code label in the ANC register for all women accepting PMTCT HIV testing and those who were not tested because they were either on ART or self -reported their status as HIV positive. The bar-code allowed us to conduct a head to head comparison of the UAT surveillance dataset and ANC register data. The key variables captured by the UAT surveillance form and also captured from the ANC registers included (1) demographic information (age, marital status, usual residence and educational level of client); (2) medical information (presence and history of sexually transmitted infections); (3) obstetric history (gravidity and parity) and (4) PMTCTrelated information (HIV status at booking, offer and acceptance of PMTCT HIV testing at the current visit, current HIV test result, and whether the woman was currently on antiretroviral medication). The bar-codes in the ANC registers were removed from the registers when data abstraction and preliminary analysis of HIV test results from the NMRL was completed. The bar code allowed linkage of UAT results to PMTCT program data which had personal identifiable information. Realizing this, the MOHCC took action by returning to all sites and delinking the data by removing the bar codes affixed to the registers. This was reported to the Medical Research Council of Zimbabwe and permission was sought to follow up on the initially 14 women who were supposed to be HIV negative and on ART. Two women were later excluded from being followed up after data verification using PMTCT registers showed that the women were correctly recorded as HIV negative and that they were not on ART as reported on the UAT form.
Health facility assessment
The purpose of the facility assessment was to determine whether PMTCT HIV testing, data collection and record keeping were standard across sites in order to ensure availability of complete and valid PMTCT program data. At each of the 53 facilities we administered a structured questionnaire to one senior member of staff to obtain information on administrative ownership as defined by whether facility was owned by government, religious affiliation (mission) or municipal owned, services offered and HIV testing and referral practices. We collected qualitative information on patient flow, HIV and syphilis testing practices (including the managing and recording of women who are known to be HIV positive at booking). We also collected information on the availability and completeness of key data elements such as age, gravidity, parity and HIV status at booking. Although the target number of sites was initially 54, one site, UAT surveillance forms received from Karoi hospital did not have PMTCT results nor samples for UAT testing and was therefore excluded from further analysis.
Of the 53 sites, two facility assessments reports, for Chimhanda and Plumtree were misplaced and could not be traced between the facility and national office leaving 51 facilities in the health facility assessment analysis.
The unavailability of this information did not affect the primary analysis of comparing HIV results from the PMTCT program and results from the ANC register.
Data analysis
We used the UAT surveillance and PMTCT dataset from the ANC register to generate frequency tables, pooled site prevalence and individual analysis of HIV results using STATA version 12.
Inclusion and exclusion for UAT and PMTCT datasets ( Fig. 1) A total of 17,349 women were considered for analysis in the by UAT surveillance and 17,150 women from PMTCT register records at 53sites. The two datasets were further cleaned and merged to provide a dataset with 17, 478 records, of which a total of 16,782 (96.0 %) where matched i.e. had both UAT and PMTCT program result. A total of 696 records were excluded because they did not appear either in the ANC or the UAT surveillance datasets. Sites which had high numbers of unmatched results in UAT surveillance included Morgenster (103) and Silveira (111) and for PMTCT Hauna (115) and Rusape (215). Although efforts were made to recover samples from Hauna and Rusape were not received at the NMRL and hence they were excluded from some analysis. This resulted in different denominators for the different analysis. Comparison of prevalence HIV estimates derived from program data and UAT surveillance HIV prevalence estimates as recorded on the UAT surveillance form were compared for each site. HIV prevalence from program data was based on PMTCT HIV test results as recorded on the UAT surveillance data collection form by the site nurse. Women who were recorded as known HIV-positive at booking in ANC register data were considered HIV-positive for PMTCT program data Pooled site and national HIV estimates were calculated after excluding these missing results. Individual-level agreement of PMTCT and UAT surveillance HIV testing results was calculated among all women with both test results as recorded on the UAT surveillance form. These data were cross-tabulated to calculate positive percent agreement (PPA) (same calculation as sensitivity) and negative percent agreement (PNA) (the same calculation as specificity) of PMTCT and UAT surveillance HIV testing. This gives a measure of the proportion of individual cases giving results in UAT and PMTCT as either both positive or negative.
Analysis of bias
Percent bias is defined by the positive or negative change of the HIV prevalence among women who did and did not accept PMTCT HIV testing (UAT) and those who did accept PMTCT HIV testing. We used data captured on the UAT surveillance form to analyse for selection bias inherent in program data due to non-uptake of PMTCT HIV testing. The HIV prevalence (according to UAT surveillance testing) among women who did, and did not, consent to PMTCT HIV testing (the population captured by current surveillance methods) was compared to the HIV prevalence among women who did consent to PMTCT HIV testing (the population that would have HIV test results available in a system of surveillance based on program data). Percent bias was calculated as the percent change (positive or negative) from the total HIV prevalence (among both PMTCT HIV testing accepters and non-acceptors) to the observed HIV prevalence (PMTCT HIV testing acceptors only). A total of 1, 176 (6.6 %) women who were known HIV-positive at booking (according to the ANC register) were excluded from this analysis as they would not be expected to have the opportunity to accept or decline an HIV test. Women with missing values for acceptance of PMTCT HIV testing on the UAT surveillance form were also excluded from the analysis.
Analysis of data quality
We analysed the completeness and concordance of selected demographic variables of age, gravidity, parity, HIV status at booking, ART medication status at booking and PMTCT HIV result by comparing results recorded on the UAT surveillance form with the results in the ANC register data, using the bar-code label as a temporary matching link for the purposes of a head to head comparison of results. The analysis team did not have access to personal identifying information. The analysis team did not have access to personal identifying information and bar codes were removed from registers by site staff.
Analysis of site assessment data
Quantitative results of the sites assessments were analyzed using simple descriptive analysis. We described the frequency of optimal and sub-optimal PMTCT HIV testing and data recording practices at surveillance sentinel sites. Of particular interest were non-standard practices, such as unavailability of onsite rapid HIV testing that could negatively affect the uptake of PMTCT HIV testing and the quality and completeness of program data. We used a site assessment tool which had yes/no response to elicit this information from onsite managers.
Data validation process
Each site had an onsite supervisor who performed preliminary data quality and completeness checks. This cadre received further support from support and supervisory visits from higher levels. However final data checks were conducted at time of receipt by the National Surveillance Office and at point of data analysis. Forms were checked for completeness and consistency. Sites were notified of errors arising from their sites and requested to improve data quality. However, because of the constrained human resources during time of survey, this was not always observed, hence the high number of missing forms, incomplete data and general poor data quality.
Ethical considerations
Approval to conduct the study was received from the Medical Research Council of Zimbabwe and a nonresearch determination was received from the Center for Global Health (CGH), Centers for Disease Control and Prevention (CDC) Atlanta.
We did not request consent to participate from the pregnant women. By definition, unlinked anonymous testing (UAT) surveillance does not inform women that they would be tested for surveillance, therefore we did not obtain individual consent from the women. However, because PMTCT is a priority intervention of the Government of Zimbabwe Ministry of Health and Child Care (MOHCC), all women are offered HIV testing and counselling in the context of PMTCT program. The bar code link was a temporary link which was removed and delinked soon after the survey to avoid tracing back to participants. Routinely site staff conducting the assessment are expected to observe the highest level of confidentiality as required by their professional codes of ethics and provision of HIV testing services in PMTCT. Additional safeguards were implemented through training of site staff and ensuring that all UAT surveillance data collection forms were stored in locked drawers at all sites and transferred to NMRL, where HIV test results were stored in a password protected database, which only the laboratory survey administrator could edit. After data from the UAT surveillance form and the ANC register had been matched for individual records by the analysis team, the site staffs were requested to remove the survey bar-code label from the ANC registers, except in the case of 12 women who had discrepant results and required follow up. Ethical approval was received from MRCZ to follow up these women and retest to confirm status. The full report of this supplementary activity of following 12 women with discordant results in the 2012 ANC/PMTCT Assessment is available from the Ministry of Health and Child Care, Zimbabwe.
Results
Comparison of UAT and PMTCT program data
The results for 53 sentinel sites showed that, among 17,349 women sampled during the UAT surveillance period the pooled HIV prevalence was 15.8 % (95 % CI 15.3-16.4) with a range 7.37 % at Karanda to 25.61 % at Gwanda, Among the 17,150 women participating in PMTCT care compared to their information from the ANC register, the pooled HIV prevalence was 16 (Table 2) for the 53 sites. Twenty-two sites had individual level PPA below 91 % and nine sites had a PNA below 98 %. These discrepant samples were retested using DNA PCR by another laboratory. Of the 185 samples which were initially positive in PMTCT only 89 remained positive and of the 185 initially negative samples only 173 were available for re-test and of these 117 (67.6 %) tested HIV positive. Following retest of the discrepant samples, the PPA of PMTCT data with UAT was 94.5 % and PNA was 99.5 %.
Using results on the UAT surveillance form, the overall uptake of PMTCT at the 53 sites was 95.2 %. The overall percent bias introduced by PMTCT was −2.6 % ( Table 3) . At least 1,176 women had an HIV positive result prior to booking with current pregnancy. Among these women, at least 705 (60 %) were already receiving ART, but this did not include the 12 women whose PMTCT program results and NMRL ELISA result were discordant according to UAT form. The concordance rate for HIV results in UAT and those in the PMTCT register for women already on ART was 95.3 %. The overall median HIV prevalence (based on UAT surveillance testing) among all women, including those who either accepted or refused a PMTCT HIV test, was 12.9 % (Range 
%-19.4 %).
In comparison, the median HIV prevalence among women who did accept a PMTCT HIV test was 12.5 % (Range 3.4 %-19.5 %) resulting in an overall percent bias of (−2.6 %). Eighteen sites had percent bias below (−2.6 %), while fifteen sites reported a bias of 0.0 %. Table 3 Among the 16,782 women sampled from the ANC register during the same time period as the UAT surveillance period, percent completeness of data was as follows: 99.9 % for age, 99.4 % for gravidity, 98.9 % for parity, 86.9 % for HIV status at booking, 96.6 % for already on ART, and 98.5 % for PMTCT HIV test result.
An analysis of recording practices showed that, among HIV positive women who came to the clinic, 99.0 % were consistently recorded in the ANC register as HIV positive.
Site assessment data was completed for 51 of the 53 sites ( Table 4 ). All of these 51 sites offered onsite rapid HIV testing in PMTCT sites. There were variations in HIV testing and recording of previous HIV test history. At least 11.8 % of sites offered an HIV test to women who came to the site already knowing their status. Among 43 sites (84.3 %) that did not offer a re-test to a woman who came to the clinic knowing her result, 6 sites (14.0 %) did not record any result. Of the 51 sites, 9 sites (17.7 %) of the sites did not offer routine syphilis tests to pregnant women. The assessment reported stock-out of rapid HIV test kits at a third of the sites in the year prior to this survey. Health staff at some facilities reported that the national office had changed the rapid testing algorithm from using Determine as the screening test kit to First Response. This change was not communicated to all sites. Following inadequate supplies of the kit and challenges in interpreting the results, sites reverted back to using Determinerapid HIV test kit.
Discussion
There was no statistically significant difference between the pooled national HIV prevalence estimate obtained from UAT surveillance period, 15.8 % (95 % CI 15.3;16.4) compared to PMTCT programme data estimate of 16.3 % (95 % CI 15.8;16.9) during the same time period in Zimbabwe in the 2012 assessment. Additionally, there were no statistically significant variations across the sites for pooled HIV prevalence and this is consistent with studies elsewhere [14] . However, the overall PPA of 91.2 % and PNA of 98.7 % suggest that additional support for quality assurance of HIV testing is required before Zimbabwe can transition to the use of PMTCT programme data as a replacement for UAT surveillance. Sentinel surveillance sites with low score on the site assessment, poor PMTCT/NMRL testing concordance, or poor routine data quality will be targeted for support, but that all sites should benefit from measures to strengthen the quality of routine data, routine testing and QA for onsite rapid HIV testing including stock management and standardisation of data entry.
This assessment found a PMTCT uptake of 95.2 % and overall selection bias in PMTCT program data of −2.6 %. This finding means that non acceptance for an HIV test among pregnant women did not introduce a significant bias in the HIV prevalence estimates obtained from this survey. When uptake of PMTCT testing is high, the percent bias is lower and countries are in a favourable position for transitioning if other critical criteria are met. This finding is consistent with recent results from other countries with high rates of uptake of PMTCT HIV testing among ANC attendees [4] [5] [6] . Sites that reported no difference between UAT surveillance and PMTCT program data may signify high awareness of the benefits of PMTCT resulting in clients choosing to accept an HIV test rather than to opt-out.
The overall 91.2 % PPA and 98.7 % PNA between UAT and PMTC program data are a little lower than desirable for using PMTCT data for surveillance. Although these are not strict targets, the WHO, CDC and other [4] [5] [6] . These discrepancies could potentially be explained by the higher sensitivity of ELISA test kits. The WHO has provided guidance to use rapid HIV test kits in serial and to confirm results using the Western Blot instead of using ELISA as this does not eliminate false positives [15] . The improvements of the PPA to 94.5 % and PNA to 99.5 % in this evaluation suggest the need to ensure that onsite algorithms include both highly sensitive and specific rapid test kits in order to improve accuracy of results. It is possible that test results are affected by antiretroviral use. The effect of low antibody as a result of antiretroviral therapy on the accuracy of rapid HIV testing is currently not documented. In Zimbabwe, variations in PPA and PNA resulted in some sites having large differences between HIV estimates based on UAT surveillance (NMRL ELISA test) and those from routine PMTCT rapid HIV testing, as observed at Beitbridge (−11.6 %), Binga (−20.4 %), Karanda (−14.8 %) and Nkayi (−20.8 %). These results show that UAT is proportionally lower than PMTCT prevalence estimates. Assuming that the UAT testing result is accurate, a PPA of 91.2 % means that approximately 9 out of every 100 HIV positive women receive an HIV negative result, and a PNA of 98.7 % translates to 13 out of every 1,000 HIV negative women receiving an HIV positive test result on the first visit. For women receiving a false negative result, it is crucial for health authorities to put in place follow-up testing policies that would allow the individuals to receive the correct result in future testing and have access to care. In the case of false positive results, it is crucial to have a testing algorithm which could include a follow on DNA-PCR and viral load tests in order to avoid the negative impact of putting HIV negative women on life-long treatment especially in the era of option B+. When this assessment was implemented, Zimbabwe was still working on revising testing algorithm to take into account the need for viral load testing. Furthermore, 22 of the 53 sites had individual level PPA below 91 % and 9 sites had a PNA below 98 %. This study highlighted the need for strengthening quality assurance for onsite rapid HIV tests at the individual sites. The National PMTCT program could consider a phased approach in transitioning to use of PMTCT programme data for sites with relatively high performance indicators. The completeness of PMTCT data in ANC registers was high for most key variables except for the women's reported HIV status at clinic entry. This was a significant improvement from the completeness of ANC registers reported in 2009 [12] . Previous assessments of the quality of routinely collected ANC data for use in surveillance have shown mixed results. Studies since 2000 in Botswana, Kenya and Uganda reported significant data quality limitations in ANC surveillance sites, including the lack of key surveillance variables (such as HIV status at booking) in ANC registers [10, 11, [16] [17] [18] . However, a Botswana study conducted in 2009 found a high level of completeness of routine data in ANC surveillance sites [19] .
The availability and high uptake of counselling and rapid HIV testing in PMTCT setting are key in the transitioning from UAT surveillance to using PMTCT program data. The assessment conducted in Zimbabwe in 2012 showed that while all sites offer onsite rapid HIV testing; there are some elements that still require 
Limitations
Both UAT surveillance and PMTCT register datasets were characterized by missing or excluded records (Additional file 1: Table S1 and Additional file 2: Table S2 ). Although HIV test result in UAT surveillance was used as a reference point, it is conceivable that disagreement between UAT and PMTCT testing could have potential for false positives from using an EIA based algorithm.
Conclusions
There was no statistically significant difference between pooled site level HIV prevalence from PMTCT data in the ANC register and UAT surveillance. However, the overall positive and negative percent agreements that were slightly lower than the WHO benchmark suggest that Zimbabwe should continue to reinforce the quality of onsite HIV testing and program data collection in preparation for using PMTCT data for surveillance purposes. However, sites that show good performance indicators should be prioritised for transitioning. This assessment highlights the need for Zimbabwe to strengthen the standardised rapid HIV testing algorithm, forecasting and quantification of the requirement for rapid HIV and syphilis test kits, and to put in place onsite quality assurance of rapid HIV testing and record keeping practices in order to transition to use PMTCT data for surveillance.
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